We present phenomenological studies of light supersymmetric (SUSY) particles in W± decay. Our study shows that signals from hadronic decays of the SUSY particles will be distinguishable from their backgrounds. Decays of a sequential heavy lepton are also discussed. § 1. Introduction Supersymmetry (SUSY) is a beautiful symmetry between bosons and fermions, although there is no evidence of it in nature. I) Apart from the beauty we have two motivations for this symmetry. One is the hierarchy problem. In GUTs we have a small ratio Mw/Mx~10-I3, where Mw and Mx are masses of W bosons and X bosons. SUSY guarantees that this ratio persists to any orders if we set it small at the tree level; radiative corrections do not break the smallness of the ratio. Another motivation is that SUSY provides a natural framework to introduce gravity because of its close connection with the geometry of space-time.
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SUSY theories of weak, electromagnetic and strong interactions involve many new particles as fermionic partners of gauge bosons, which are called gauginos, and as bosonic partners of quarks and leptons, which are called squarks and sleptons respectively. There are also charged and neutral higgsinos associated with spin-O Higgs bosons. It should be noted that in most SUSY models colorless gauginos and higgsinos could mix with each other since they get the same quantum numbers after the symmetry of SU (2) x U(l) is broken.
Masses of these SUSY particles depend strongly on the SUSY breaking mechanism employed in a model. In some models they could be heavier than 100 TeV! However, some authors 2 ) presented an interesting argument which indicates that some SUSY particles can be as light as, or even lighter than, weak gauge bosons in a wide class of broken SUSY models. This suggests that W± or ZO factory should be a nice place to test SUSY theories.
Mixing angles for diagonalization of mass matrices also depend on details of a model. Several authors 3 )-6) have made systematic studies on them. They showed that branching ratios from weak gauge bosons to light SUSY particles are seizable in some mixing patterns.
In this note, with these features in mind, we explore phenomenologies of light SUSY particles in pp colliders. We study decays of W± bosons assuming that there exist two light mass eigenstates, one of which is charged and the other neutral. We will see that hadronic decays of the SUSY particles will give us distinguishable signals. Leptonic events seem, on the other hand, to suffer from much more serious backgrounds. This note is organized as follows. Section 2 contains a brief review of mixing *) Present address: Faculty of Engineering, Yamanashi University, Takeda 4-3-11, Kofu, Yamanashi 400 Japan. To discuss mass eigenstates we need to diagonalize 'these mass matrices. The charged "ino" mass matrix, M C , is diagonalizedby two 2x2 unitary matrices U and V:
and the neutral one, M n , by a 4 x 4 matrix X:
Explicit forms of U, V, X and mass eigenvalues in terms of MI, M2, £ and OH are given in Appendix A.
It is easy to rewrite interaction terms using the charged mass eigenstate Dirac spinors and the neutal mass eigenstate Majorana spinors
For example, the charged weak current coupled with W-boson is given by where
Other useful descriptions are given in Appendix. A. § 3. SUSY particles in W± decays
In this section we discuss productions and subsequent decays of SUSY particles in W± decays. We assume that one light and stable neutral mass eigenstate comes from a mixing between neutral colorless gauginos and neutral higgsinos. (Note that R invariance in SUSY theories guarantees the existence of one stable SUSY particle.) We refer to this state as Xl
•
We also assume there exists one charged mass eigenstate, Xl ±, which is lighter than W± bosons and heavier than XlO. Then we will have such sequential decay processes as . and
Can we pick up signals from these processes in various backgrounds? In process (3·1) we will observe· one charged lepton with small energy accompanied with large missing energy. This lepton will be easily distinguished from a lepton coming from direct decays, W±~ l± (J) l, since the latter is much more energetic than the former. However, decays of r leptons like Fig. 1(a) will provide a serious background to process (3·1). Therefore it seems quite difficult to identify this process.
In process (3·2), on the other hand, several cuts are useful to eliminate background events from rdecays associated with jets ( Fig. 1(b) ). In this case the final state of the event consists of two jets and missing ET carried by two X10 particles. Studies on a sequential heavy lepton 7 ) show that one can suppress contamination from r events by requiring such cuts as ET~lO GeV or NCh~5, where N Ch denotes the number of charged hadrons in each jet. These discussions apply to x/ events as well. A background comingfrom heavy quark jet events like Fig. 1 (c) will also be separable because events from process (3·2) have no charged leptons. Decays of a sequential heavy lepton, however, would also provide events having two hadron jets and missing E T , if it is produced in W± decays. Suppose we have a process
where L denotes the heavy lepton. Then, we cannot discriminate between processes (3·2) and (3·3) by a-mere topological consideration. This subject will be discussed in §4. § 4. Hadronic decays of a light charged SUSY particle
Let us make a quantitative study on the decays of XI± using the lowest-order perturbation. We calculated dr s /df-l 2 , qij' invariant mass (f-l2=(pq+pq')2) distribution of the decay width (r S ), from Fig. 2(a) and (b) assuming that squarks (q) are heavier than W± bosons. Interactions including SUSY particles are also given in Fig. 2 , which correspond to a limit M I , M2 and c:--+O. (More general cases are studied in Appendix B.)
Feynman diagrams for process (3'2), with Feynman rules corresponding to the limit Ml , M2 and £->0.
The result is 
r. and ML denotes the mass of the heavy lepton. In Fig. 7 Let us discuss how to distinguish events from Xl ± and those from L. Figure 8 shows that measurement of the shape of (1/r)(dr/df-/2) is helpful if X1 0 is massive. We see that 10 percent of accuracy will be enough for M x ,o;(:l0 GeV. If X1 0 is lighter than ~10 GeV, on the other hand, ambiguity will remain. In this case the best way would be to measure the production rate and compare it with prediction for L, .. , ., \"':
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9. '<'. '-~. In previous sections we concentrated only on the study of Xl ±. Here we would like to make a few remarks on other SUSY particles.
Among all SUSY particles gluinos seem to be the most prospective to search for. Gluino mass can be light; in supergravity GUT models it is supposed to be about a few tens of GeV.
If it is true, gluinos would be produced even in SPS collider. If gluino mass is heavier but is less than a few hundred GeV, we will still have ample gluino production in pp collisions since gluinos couple to gluons with strength as. Main difficulty in the search for gluinos is the backgrounds coming from jet events of heavy Quarks. lO ) As for sQuarks and sleptons, it is likely that they are heavy. If some of them are light enough, they will be easily detected in e+ e-experiments because they are charged and background should not be so serious. So far, however, experimental results show no sign that such a threshold opens Up.ll) In the case in which neutral slepton ( fJ) mass is ;;; 10 GeV and charged slepton (e-) mass is ;;;60 GeV, we would be able to look for sleptons in pp collider better than in e+e-collider, because W±--+ e-± fJ decays are possible.1
)
In this note we discussed productions and decays of a light SUSY particle, x/, and pointed out an interesting possibility to observe them in hadronic decays of W± bosons. Because SUSY theories are of great interest in recent theoretical particle physics and cosmology, we believe it is worth searching for SUSY particles in experiments no matter how difficult it may be. We hope PP experiments will improve our understandings of 
for which G'lII vanishes.
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